Introduction
============

Breast cancer is one of the most frequently diagnosed cancers and the leading cause of cancer-related death in women worldwide.[@b1-ott-9-5483],[@b2-ott-9-5483] Although some pathological factors, including estrogen receptors (ERs), progesterone receptors (PRs), HER-2, and Ki-67, are used as references in diagnosis and treatment, the recurrence and metastasis of breast cancer remain the biggest obstacles affecting the survival of patients with breast cancer.[@b3-ott-9-5483],[@b4-ott-9-5483] Therefore, screening biomarkers and potential targets continues to be of great significance in the management of breast cancer.

At present, the mechanisms underlying recurrence and metastasis in relation to SRC1 in breast cancer are not clearly understood.[@b5-ott-9-5483],[@b6-ott-9-5483] Furthermore, the correlation of SRC1 and NANOG in human breast cancer and the relevance of their coexpression with respect to clinical parameters remain to be elucidated. The SRC family includes SRC1, SRC2, and SRC3. These SRC transcriptional coactivators robustly enhance gene expression by interacting with nuclear hormone receptors such as ERs, PRs, and glucocorticoid receptors, as well as other transcription factors.[@b7-ott-9-5483] Normal viability, somatic growth, and reproductive function have been found to be exhibited in SRC1 knockout mice and to display a delay in mammary gland growth and Purkinje cell differentiation.[@b8-ott-9-5483] NANOG is a transcription factor that plays a key role in maintaining the self-renewal capacity and pluripotency of embryonic stem cells, and it is a biomarker of cancer stem cells.[@b9-ott-9-5483]--[@b11-ott-9-5483] Previous studies have shown that NANOG regulates cancer progression and that its expression levels are associated with poor prognosis in breast cancer patients.[@b12-ott-9-5483],[@b13-ott-9-5483] Some studies have also found that SRC1 plays an important role in the proliferation, invasion, and metastasis of some types of cancer cells via certain pathways.[@b5-ott-9-5483]--[@b7-ott-9-5483] A study in mice showed that SRC1 and NANOG expression contributed to the modulation of the transcriptional activity of the core transcription factors of the pluripotent network and could be implicated in cell fate decisions upon the onset of differentiation in embryonic stem cells.[@b14-ott-9-5483]

In this study, we characterized the levels of SRC1 and NANOG expression in samples from 312 breast cancer patients and analyzed their association with the clinicopathological characteristics and prognoses of these patients.

Materials and methods
=====================

Clinical samples
----------------

A total of 312 breast cancer samples were obtained from the Second Affiliated Hospital of Jilin University and Liaoning Cancer Hospital and Institute between January 2005 and December 2008. The patients had been diagnosed by histological examination of surgical tissue samples and had undergone radical surgical resection. The inclusion criteria for the study were 1) patients undergoing curative surgery, 2) pathological examination of the resected tumor specimens, 3) pathological examination of \>15 lymph nodes after the surgery, and 4) the availability of a complete medical record. The demographic and clinical data of individual patients were obtained from medical records.[@b15-ott-9-5483] Individuals with breast cancer but not fulfilling the inclusion criteria were excluded. Written informed consent was obtained from all of the patients, and this study and the experimental protocol were approved by the ethics committee of Jilin University.

Histology and immunohistochemistry
----------------------------------

Individual breast cancer tissue samples were fixed in 10% formaldehyde solution (pH 7.0) and embedded in paraffin. The paraffin-embedded tissue sections (4 μm) were stained with hematoxylin and eosin and examined by light microscopy by pathologists blinded to patient details. SRC1 and NANOG expression levels were characterized by immunohistochemistry. Briefly, the paraffin-embedded breast tumor tissue sections were dewaxed, rehydrated, and treated with 3% H~2~O~2~ in methanol, followed by overnight incubation with primary antibodies against SRC1 and NANOG (Abcam, Boston, MA, USA). Subsequently, the sections were incubated with biotinylated Multilink swine anti-goat/mouse/rabbit IgG (Dako Denmark A/S, Glostrup, Denmark). The sections were washed, and the bound antibodies were detected with horseradish peroxidase-conjugated avidin--biotin complex (1:1,000 dilution; Vector Laboratories, Burlingame, CA, USA) and visualized using 3,3′-diaminobenzidine. The sections were then counterstained with Gill's hematoxylin.[@b16-ott-9-5483]

The intensity of anti-SRC1 and anti-NANOG staining was semiquantitatively analyzed. Individual cells with yellow-to-brown staining in the nucleus and/or cytoplasm of the cells were considered positive cells. SRC1 and NANOG expression levels were scored semiquantitatively according to the following criteria: −, \<1% of neoplastic cells expressing SRC1 and NANOG; +, ≥1% of morphologically unequivocal neoplastic cells expressing SRC1 and NANOG.[@b16-ott-9-5483]

Statistical analysis
--------------------

Data are expressed as the mean ± SD. The difference among groups was determined by *χ*^2^ and Fisher's least significant difference using SPSS software, Version 13.0 (SPSS Inc., Chicago, IL, USA). A *P*-value of \<0.05 was considered statistically significant.

Results
=======

Expression status of SRC1 and NANOG in breast cancer specimens
--------------------------------------------------------------

The protein expression levels of SRC1 and NANOG were examined by immunohistochemical staining. We found 155 (49.68%) of 312 samples to have high SRC1 expression and 91 (29.17%) to have high NANOG expression ([Table 1](#t1-ott-9-5483){ref-type="table"} and [Figure 1](#f1-ott-9-5483){ref-type="fig"}). After univariate analysis, SRC1 was observed to be significantly correlated with HER-2 and Ki-67 expression (*P*=0.044 and 0.001), while age, tumor size, and ER and PR expression were not (*P*=0.651, 0.191, 0.888, and 0.163, respectively). It is noteworthy that SRC1 was found to be related to lymph node metastasis (*P*=0.005), which was in accordance with the survival analysis described later in the text.

We also tested the expression status of the cancer stem cell-related factor NANOG in the same 312 cases. NANOG was significantly related to tumor size and lymph node metastasis (*P*=0.001 and 0.001, respectively), while age and ER and PR expression were not (*P*=0.709, 0.440, and 0.321, respectively). Interestingly, NANOG was also found to be related to HER-2 and Ki-67 expression (*P*=0.002 and 0.002, respectively) ([Table 1](#t1-ott-9-5483){ref-type="table"}).

Screening for SRC1-related factors in breast cancer specimens
-------------------------------------------------------------

We performed logistic regression analysis to select the factors related to SRC1 expression. HER-2, Ki-67, and lymph node metastasis were found to be correlated with SRC1 expression (*P*=0.001, 0.032, and 0.001, respectively) ([Table 2](#t2-ott-9-5483){ref-type="table"}). NANOG was also found to be correlated with SRC1 expression; however, the underlying mechanism was not clear.

Survival analysis
-----------------

There was no difference with regard to local and distant metastases between patients with or without SRC1 protein expression (30.97% vs 28.67%). However, local and distant metastases were significantly higher in patients expressing SRC1 compared with SRC1-negative patients in the HER-2-positive group (42.86% vs 25.93%). Moreover, the coexpression of SRC1 and NANOG predicted a higher recurrence rate compared to the other HER-2-positive patients (25.00% vs 60.00%).

Survival analysis showed that the patients with a high expression of SRC1, as well as those with SRC1 and NANOG coexpression, had significantly poorer postoperative disease-specific survival than those with no expression in the HER-2-positive group (*P*=0.032 and 0.01) ([Figure 2](#f2-ott-9-5483){ref-type="fig"}). According to Cox regression, the following were identified as prognostic factors ([Table 3](#t3-ott-9-5483){ref-type="table"}): tumor number (*P*=0.010); lymph node metastasis (*P*=0.001); expression of Ki-67 (*P*=0.024), ER (*P*=0.036), HER-2 (*P*=0.010), SRC1 (*P*=0.001), and NANOG (*P*=0.001); and coexpression of SRC1 and NANOG (*P*=0.001).

Discussion
==========

In a recent study, Redmond et al[@b17-ott-9-5483] investigated the role of p160 coactivators (the SRC gene family) and their interactions with ERs in the development of resistance to endocrine treatment. They showed SRC1 to be a strong independent predictor of reduced disease-free survival, whereas the interactions of the p160 proteins with ERα could predict the response of patients to endocrine treatment. In another study, both SRC1 and Twist1 were reported to be associated with tumor invasion, metastasis, and poor prognosis in breast cancer.[@b5-ott-9-5483],[@b6-ott-9-5483] Xu et al[@b18-ott-9-5483] found that SRC1 upregulates Twist1 expression and promotes breast cancer cell migration and invasion. In our study, SRC1 was not found to be related to the tumor size but the lymph node metastasis. Wang et al[@b7-ott-9-5483] also reported that SRC1 specifically promotes metastasis without affecting primary tumor growth through mediating Ets-2-mediated HER-2 expression and activating CSF-1 expression for macrophage recruitment.

NANOG expression has been suggested to be a valuable biomarker to predict the outcome of patients with breast cancer. NANOG expression levels are also associated with the poor prognosis of colorectal cancer patients and enhanced lung cancer malignancy.[@b19-ott-9-5483],[@b20-ott-9-5483] However, there is no information on the association of SRC1 and NANOG expression with the survival of breast cancer patients. Furthermore, the role of SRC1 regulation in NANOG expression and the relevance of their coexpression in clinicopathological features in human breast cancer have not been described thus far.

Herein, we studied the expression status of SRC1 and NANOG, as well as their coexpression in breast cancer. Previous studies have demonstrated that SRC1 and NANOG significantly increase in 34% and 37.30% of breast tumors, respectively. In this study, we found that 49.68% cases were SRC1 positive and 29.17% cases were NANOG positive. According to the univariate analysis, SRC1 was significantly correlated with HER-2 and Ki-67 expression. Xu et al[@b18-ott-9-5483] also found SRC1 to be related to HER-2 expression, but they did not test the correlation between SRC1 and Ki-67, which indicated that SRC1 was related not only to the HER-2 expression status but also to the proliferation of breast cancer cells. However, we have not found a proper interpretation for the observation that SRC1 was related to Ki-67 expression but did not increase the primary cancer growth. Double staining of SRC1 and NANOG in breast cancer cell lines should be done and the potential mechanism of them regulating the metastasis of breast cancer should be found out in the future study. The former study reported that SRC1 knockdown inhibited Ets-2-mediated HER-2 expression and Akt activation in the mammary tumors.[@b7-ott-9-5483]

Interestingly, NANOG was also significantly related to HER-2 and Ki-67 expression in this study, and NANOG was found to be correlated with SRC1 expression. In the survival analysis, SRC1 protein expression, and in particular, the coexpression of SRC1 and NANOG, was found to be a likely prognosis predictor for HER-2-positive patients.

There were some limitations in the study. The expression status of SRC1 and NANOG was analyzed only by immunohistochemistry, although it would have been better to perform other methods (quantitative reverse transcription--polymerase chain reaction or expression arrays) to test the expression of the factors at different levels.

Conclusion
==========

In summary, our data indicated that the relative levels of SRC1 expression were inversely associated with the proliferation and aggressiveness of HER-2-overexpressing breast cancers. There might be a correlation between SRC1 and NANOG in regulating the proliferation and migration of breast cancer cells. Our data provide new insights into the regulation of the proliferation and migration of breast cancer cells. These novel findings might aid in the design of new therapeutic strategies for breast cancer intervention.
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![SRC1 expression in breast cancer was characterized by immunohistochemistry.\
**Notes:** (**A**) Positive anti-SRC1 staining in the lymph node-positive cases (magnification ×400). (**B**) Negative anti-SRC1 staining in the lymph node-negative tumors (magnification ×400). (**C**) Negative anti-SRC1 staining in the paracancerous tissues (magnification ×400).](ott-9-5483Fig1){#f1-ott-9-5483}

![Survival analysis of SRC1 and NANOG expression in breast cancer.\
**Notes:** Kaplan--Meier curves of overall survival showed that there was no prognosis difference in the SRC1-positive or -negative groups in all enrolled cases (*P*=0.450; **A**). Survival analysis showed that the patients with a high expression of SRC1 and NANOG, as well as those with SRC1 and NANOG coexpression, had significantly poorer postoperative disease-specific survival than those with no expression in the HER-2-positive group (*P*=0.032, *P*=0.01, and *P*=0.01, respectively; **B**--**D**).](ott-9-5483Fig2){#f2-ott-9-5483}

###### 

Relationship between clinicopathological variables and SRC1 or NANOG expression

  Variables               Total patients (n)   SRC1   NANOG                      
  ----------------------- -------------------- ------ ------- ------- ----- ---- -------
  Age (years)                                                 0.651              0.709
   \<50                   169                  83     86              118   51   
   ≥50                    143                  74     69              103   40   
  Tumor size                                                  0.191              0.001
   T1                     145                  60     85              137   28   
   T2                     155                  89     66              99    56   
   T3                     12                   8      4               5     7    
  Lymph node metastasis                                       0.005              0.001
   N0                     111                  67     44              102   9    
   N1                     87                   47     40              66    21   
   N2                     80                   32     48              42    38   
   N3                     34                   11     23              11    23   
  ER                                                          0.888              0.440
   −                      63                   31     32              42    21   
   +                      249                  126    123             179   70   
  PR                                                          0.163              0.321
   −                      49                   20     29              28    21   
   +                      203                  137    126             133   70   
  HER-2                                                       0.044              0.002
   −                      271                  130    141             201   70   
   +                      41                   27     14              20    21   
  Ki-67                                                       0.001              0.002
   −                      62                   48     14              54    8    
   +                      250                  109    141             167   82   

**Abbreviations:** −, negative; +, positive; ER, estrogen receptor; PR, progesterone receptor.

###### 

Logistic regression analysis of the factors related to SRC1 expression in breast cancer

  Characteristic          OR      95% CI for OR   *P*-value
  ----------------------- ------- --------------- -----------
  Age                     0.936   0.582--1.438    0.853
  Tumor size              1.351   0.791--1.926    0.625
  Lymph node metastasis   2.052   1.571--3.402    0.001
  Ki-67                   1.833   1.247--2.948    0.032
  ER                      1.215   0.649--1.704    0.371
  PR                      0.927   0.483--1.816    0.256
  HER-2                   2.167   1.742--3.604    0.001
  NANOG                   1.997   1.353--3.628    0.001

**Abbreviations:** OR, odds ratio; CI, confidence interval; ER, estrogen receptor; PR, progesterone receptor.

###### 

Cox regression analysis in predicting the overall survival of breast cancer patients

  Variables               Univariate analysis   Multivariate analysis                                  
  ----------------------- --------------------- ----------------------- ------- ------- -------------- -------
  Age                     0.945                 0.773--1.425            0.372   0.918   0.618--1.501   0.451
  Tumor size              1.671                 1.332--1.946            0.010   1.628   1.427--2.154   0.010
  Lymph node metastasis   2.773                 1.684--3.943            0.001   2.462   1.580--3.736   0.001
  Ki-67                   1.592                 1.146--2.034            0.020   1.539   1.147--2.045   0.024
  ER                      0.763                 0.522--0.951            0.045   0.710   0.437--0.901   0.036
  PR                      0.914                 0.643--1.437            0.083   0.942   0.705--1.535   0.142
  HER-2                   1.971                 1.467--3.118            0.001   1.840   1.325--3.028   0.001
  SRC1                    1.573                 1.294--2.327            0.035   1.630   1.328--2.742   0.010
  NANOG                   2.274                 1.689--3.771            0.001   2.113   1.626--3.810   0.001
  SRC1+/NANOG+            3.035                 2.112--4.642            0.001   3.104   2.432--4.381   0.001

**Abbreviations:** ER, estrogen receptor; CI, confidence interval; PR, progesterone receptor.
